Introduction
Free living amoebae (FLA) is a broad term encompassing variety of agents both pathogenic and non pathogenic organisms. [1, 2] The common pathogenic agents include Acanthamoeba, Naegleria, Balamuthia and Sappinia. [2] However, other amoebae like Vahlkampfia, Paravahlkampfia and Hartmanella have also been shown to be associated with human infection. [1] The advancement in medical therapy including transplantation, haemodialysis and critical care has contributed to the increase in susceptible population, Many studies around the world have been conducted to find out the prevalence of FLA especially Acanthamoeba in hospital water sources. However, no such study has been performed in India. We present here the first study from India with the aim to screen for the presence of FLA in water sources used for drinking, bathing and hand washing by high risk patients admitted to bone marrow transplant (BMT), intensive care unit, high dependency unit (HDU) that caters to haemato-oncology patients, renal transplant intensive care unit (TICU) and haemodialysis unit (HU).
Materials and Methods
The study was approved by Institute Ethics Committee vide number NK/530/Res/3516 Dt. 15.11.2012 .
Sample collection
A total of 100 samples (50 tap water samples and 50 swabs form tap mouths) were collected from 50 taps used for drinking (including seven reverse osmosis filter taps), hand washing and bathing purposes in BMT ward (25 taps), HDU (9 taps), TICU (13 taps) and HU (3 taps) of our institute over a period of four months from March to June 2014. The taps also included those of nursing counters, coffee rooms and pantry. Sterile cotton swabs were used to swipe the mouth of the taps before opening them and then dipped into 1 ml of sterile distilled water. The mouth of the tap was then flamed and water was allowed to run for 5-10 minutes, after which 500 ml of water was collected in sterile glass bottles. [6] After the isolation of free living amoebae from these sites, all the taps and water purifications systems were serviced and thoroughly cleaned and follow-up samples a week after, yielded negative results.
Filtration of water and culture of FLA

Tap water
Five hundred millilitre of tap water from each of 50 taps was filtered through sterile 0.45 μm membrane filter within 2 hours of collection. [4] Filters were then inverted onto 1.5% non-nutrient agar (NNA) plates with an overlay of E. coli ATCC 25922. All plates were sealed and incubated at 37°C. They were examined daily for growth of amoebae under 10 × magnification of light microscope for up to 2 weeks. The FLA were confirmed by their cyst and trophozoite morphology. A block was cut and placed onto fresh NNA plate overlaid with E. coli and incubated at 30°C for subculture to obtain growth for molecular study.
Swabs
The swabs dipped in 1 ml of distilled water during transportation, were vortexed for 30 seconds onds followed by centrifugation at 800 g for 10 minutes. [7] Pellet was resuspended in 100 μl of Page saline which was spread onto the 1.5% NNA plate overlaid with E. coli and was incubated and processed in a similar manner as that for water samples.
Nucleic acid extraction, amplification and sequencing
The nucleic acid was extracted from culture by phenol-chloroform-isoamyl alcohol method as previously described. [8] Extracted deoxynucleic acid (DNA) was subjected to PCR (polymerase chain reaction) amplification (Thermo Scientific Thermal Cycler) of 18S rRNA sequences using primers common for FLA as described earlier which amplify Acanthamoeba spp, H. vermiformis, N. fowleri, Vannella spp. and Vahlkampfia ovis. [8] [9] [10] Briefly, reaction mixture of 25 μl consisted of buffer, 0.2 mM dNTPs (Sigma) and 20 pmol each of primers and 1.25 units of Taq DNA polymerase (Sigma). The amplification cycle included 40 cycles of denaturation 94°C for 4 min annealing (63°C for 1 min) and extension (74°C for 3.5 min) followed by a final extension at 72°C for 10 min. The resultant amplicons were subjected to agarose gel (2%) electrophoresis. The samples were also subjected to amplification by Naegleria specific primers and Acanthamoeba specific primers (JDP1 and JDP2) as previously described. [10, 11] Briefly, Naegleria DNA amplification consisted of 50 cycles of denaturation (95°C for 15 s), annealing (58°C for 30 s), and extension (72°C for 45 s). The PCR amplification cycle for JDP primers was standardised which included initial denaturation at 95°C for 10 min followed by 39 cycles of denaturation at 95°C for 1 min, annealing at 60°C for 1 min, extension at 72°C for 2 min and final extension at 72°C for 7 min. Amplified DNA products were separated by 1.5% agarose electrophoresis stained with a solution of 0.5 μg/ml of ethidium bromide and visualised under UV light using an image analyser. Acanthamoeba spp were further classified into genotypes based on 18S ribosomal RNA nucleotide sequencing with the conserved primers 892C, using Big Dye Terminator Cycle Sequencing Kit, version 3.1 (Applied Biosystems, Foster city, CA, USA) and analysed by ABI 3130 Genetic Analyser (Applied Biosystems). [8, 11] [ Table 1 ]. Nucleotide similarity search was performed by BLAST search of sequenced amplicons in GenBank database.
Results
Of the 100 samples, 14 samples (14%) showed positive culture of trophozoites and cysts of FLA [ Figure 1 ]. BMT ward, HDU, TICU and HU yielded 7/50 (14%), 5/18 (27.77%), 2/26 (7.69%) and 0/6 culture positive samples respectively [Tables 2 and 3 ] shows the source of these culture positive samples and duration after which trophozoites and cysts were demonstrated in them. Most of the positive samples were obtained from swabs by swiping the inner mouth of taps representing biofilms. Swabs were observed to show growth earlier (<5 days) than tap water (≥5 days). Morphological examination of four plates demonstrated Acanthamoeba trophozoites and double July-September 2015 layered cysts. These were confirmed to be Acanthamoeba species by PCR using both common primers (1080 bp) and specific primers (450-500 bp) [ Figures 2 and 3 ].
Rest 10 samples showed trophozoites and cysts but were not amplified by any of the primers. Sequencing of four Acanthamoeba species classified them into T3 (scrub station tap 3 water and swab of HDU) and T4 genotype (swab from bathing tap in bathroom of room 2 and coffee room RO swab of BMT ICU).
Discussion
The present study demonstrates for the first time, isolation of FLA from routine use water sources in critical units of a hospital in India. Most of the studies regarding isolation of FLA from water sources and biofilms of hospitals are reported from Europe, Iran, Egypt and Brazil. [4, [12] [13] [14] [15] The patients in BMT unit, HDU, TICU and HU constitute a group of high risk population who are more susceptible to diseases by any pathogen. The water sources of these units were screened for FLA which may be pathogenic themselves or may act as vehicle for carrying bugs especially drug resistant micro organisms which may cause nosocomial infections. Our study has demonstrated presence of FLA (morphological forms of trophozoites and cysts) in 14% of water and swab samples. Four of these samples were identified as Acanthamoeba species on the basis of morphological characteristics (double walled cyst wall) which were further confirmed by PCR. This is a significant finding as Acanthamoeba is a well known pathogen of immunocompromised patients causing serious sequelae like encephalitis. Its isolation from reverse osmosis filter (RO) taps of nursing coffee room (swab only) and pantry (swab and water both) of BMT ward is an additional challenge because these are the drinking water sources of both staff and the patients. Although faecal to oral route of transmission of FLA is not documented, still the risk of spread of pathogenic bacteria through FLA as vehicles of entry remains in the vulnerable population. Their isolation from bathing and hand-washing taps further increases the risk of acquiring these pathogens through skin, mucosa, nasal and ocular tracts. The remaining 10 samples could not be identified by PCR, though they showed trophozoites and cysts in culture. The reason for this could be that in spite of being FLA, primers used in the study could not amplify them thereby highlighting the fact that water may harbour a large number of FLA which may not be identified.
Most of the positive cultures were recovered from the swab samples rather than tap water which suggests that these amoebae may be entrapped in the biofilms formed in the moist tap mouth. Lasjerdi et al., from Iran showed isolation of FLA in 52.9% (59.4% dust and 45.4% biofilms) of dust and biofilms formed in moist environments of hospital wards. [1] 96.9% of Acanthamoeba species isolated in the study belonged to T4 genotype. Other FLA included Hartmanella and Vahlkampfia. A study by Rohr et al. from Germany showed high isolation of FLA up to 52% and 47% in hot water taps and swabs respectively. [16] They included six hospitals of Germany and sampled 56 hot water taps and 49 swabs from drains, tap mouths, floor tiles and bathrooms and observed isolation of Acanthamoeba (22%), Naegleria (22%), Vahlkampfia (20%), Hartmanella (15%) and Vanella (7%). Another study from Germany by Michel et al., also showed presence of FLA including Acanthamoeba, Neagleria, Hartmanella and Echinamoeba in 54% water samples in a new hospital building. [17] We used common primers for FLA as described earlier which could identify the four Acanthamoeba isolates which were also further confirmed by using specific JDP primers. However, the common primers could not identify the remaining ten FLA which may be due to lack of such sequence in these FLA as water harbours a plethora of organisms which may have some different sequences. [9] Some other target in 18S rRNA itself may help in resolving this issue. Bagheri et al., reported presence of Acanthamoeba in 48% of tap water samples collected from different wards of hospitals in 13 cities of Iran. [12] Carlesso et al., demonstrated FLA in 35% of swab samples from dust and biofilms of which 34% were Acanthamoeba species. [18] In another study by Carlesso et al., 23% of similar samples showed presence of Acanthamoeba species of T3 and T4 genotypes in dust and T5 genotype in biofilms. [15] A study from France by Ovrutsky has shown isolation of FLA including Acanthamoeba of T3 and T4 genotype in 14.8% samples of water and biofilms formed in shower drains and sink drains. [7] The four Acanthamoeba isolates in our study also belonged to both T3 and T4 genotypes (two each). The pathogenic Acanthamoebae earlier have been observed to be of T3 and T4 genotype, thereby suggesting these isolates obtained from critical units may pose danger to immunocompromised patients. [19] Another study from France by Lasheras et al. showed a high presence of 68.9% of FLA in hot water faucets, showers, hot water tanks and cooling towers of 10 hospitals. [20] A study from Switzerland by Thomas et al. have shown isolation of FLA predominantly Hartmanella vermiformis in 7.5% in tap water, swabs from tap and showerhead of ICU, surgery ward, medicine and other wards in a hospital. [14] Haemodialysis and dental units have also shown higher isolation rate of 32.6-42.9% of Acanthamoeba spp in studies from Tunisia and Egypt. [4, 21, 22] Studies by Dendana et al., and Trabelsi et al., from Tunisia have shown 29% acanthpodial forms and 69% FLA including Acanthamoeba in water samples of haemodialysis and dental unit respectively. [21, 23] Our study identified presence of Acanthamoeba species in two samples each from BMT ward (coffee room RO swab, bathing tap swab of room 2) and HDU (scrub station 3 water and swab from tap mouth). However, samples from transplant ICU and haemodialysis unit in our study did not show isolation of Acanthamoeba species.
Acanthamoeba cysts are known to be resistant to chlorine used for disinfecting water and therefore may survive in water. [1] This may lead to widespread dispersal of cysts. Many hospitals have water storage tanks for emergency water supply. They may also act as source of contamination by FLA. [12] One sample in our study was collected from such storage tank but it turned out to be negative in culture thereby demonstrating that contamination was taking place in pipes which may be due to the persistence of these FLA in the biofilms. Taking into account, the increase in the immunosuppressed population, it is very important to take urgent steps to prevent nosocomial infections by these agents or by the drug resistant bacteria they harbour. There are no guidelines for the prevention of colonisation by amoeba in health care settings. However, going by the results of our study and others, there is an urgent need to focus on methods of prevention/removal of biofilms caused by FLA in hospital water especially those housing high risk patients. Servicing/ replacement of the RO filter seemed to eradicate the focus. However the frequency of sampling and/or servicing needs to be explored in future studies.
